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Figure from TEMIS service (www.temis.nl) 
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Pori port and city center

OMI NO2 (summer 2005 - 2011)

Figure I. Ialongo, FMI

Detection of emission hotspot in Northern Europe



Pori port and city center 
Overlap with STEAM ship emissions

OMI NO2 (summer 2005 - 2011)
Figure I. Ialongo, FMI

Detection of emission hotspot in Northern Europe



OMI NO2  
vs. Pandora at Helsinki
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NASA’s Pandora  
at FMI, Helsinki

NO2 [DU] observations Differency [DU]

Figure I. Ialongo, FMI



• Similar weekly cycle in 
Helsinki  observed by 
OMI and Pandora 
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Weekly cycle
Weekly cycle

Figure I. Ialongo, FMI
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Antarctic ozone hole 2011 

March 28th, 
2011



Link between spring-time ozone  
and summer-time UV

• Based on OMI and TOMS ozone and UV 
time series: Inter-annual variability in 
springtime ozone abundance explains up 
to 20–40% of the summer UV variability 
in Northern hemisphere high and mid-
latitudes.  
!

• Arctic ozone depletion 2011 increased 
the March–August cumulative erythemal 
clear-sky UV dose in the Northern 
Hemisphere extratropics by 3–4% 
compared to the climatology 

Correlation functions between the TOMS/OMI March 
extratropical (north of 35°N) total ozone and monthly 
mean total ozone and noontime UVI in polar latitudes 
(north of 60°N) and mid-latitudes (35–60°N) from 
March to December. (Absolute values shown for red 
lines.)

Karpechko, A. Yu., et al.  JGR, 2013



OMI UV-radiation product by 
FMI
Motivation: 
• Human health, both positive and negative effects 
• Supporting protocol monitoring  
• Ecosystems, vegetation  
• Air quality and Climate, photochemistry, oxidisation 

• e.g. recent publication by Cory et al, Science, 2014 
discusses the importance of photochemical oxidation, 
for the release of CO2 from thawing permafrost. 



Validation of UV erythemal daily dose at Arctic

• The bias is typically between 5-15%  
• However, in some cases bias considerably larger, up to 50% 

• Often connected to unrealistic albedo values. 
• e.g. Trondheim: Large positive bias in spring (because of high 

albedo used by OMI), and large scatter due to clouds
13

On-going validation by G. Bernhard et al.

Jokioinen

Jokioinen, Finland (60.82 N, 23.5 E)
EDDose, SZA less than 84
Month N Minimum 5% 25% Median Average 75% 95% Maximum W10 W20 W30
January 211 0.32 0.58 0.69 0.86 0.97 1.12 1.80 3.59 19 33 46
February 187 0.51 0.62 0.73 0.81 0.85 0.93 1.21 1.50 17 37 63
March 186 0.56 0.66 0.75 0.84 0.92 1.01 1.50 2.20 18 38 60
April 222 0.54 0.73 0.97 1.03 1.05 1.13 1.35 1.96 52 73 84
May 229 0.73 0.86 0.98 1.04 1.07 1.13 1.40 2.01 61 82 92
June 198 0.61 0.80 0.97 1.02 1.05 1.11 1.32 1.78 60 79 91
July 220 0.62 0.84 0.95 1.00 1.01 1.06 1.21 1.42 65 90 96
August 225 0.69 0.82 0.98 1.04 1.06 1.11 1.31 1.99 62 83 92
September 187 0.72 0.89 0.99 1.08 1.11 1.19 1.47 2.03 49 73 88
October 237 0.68 0.86 1.02 1.10 1.17 1.28 1.70 2.44 42 62 76
November 174 0.34 0.52 0.79 1.06 1.14 1.35 2.09 6.67 25 40 50
December 91 0.23 0.54 0.69 0.99 1.07 1.15 2.20 4.18 22 36 46
Year 2367 0.23 0.66 0.89 1.02 1.04 1.13 1.50 6.67 43 63 76
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December
N=91
Avg=1.07
Med=0.99

Jokioinen, Finland (60.82 N, 23.5 E)
EDDose, SZA less than 84
Month N Minimum 5% 25% Median Average 75% 95% Maximum W10 W20 W30
January 211 0.32 0.58 0.69 0.86 0.97 1.12 1.80 3.59 19 33 46
February 187 0.51 0.62 0.73 0.81 0.85 0.93 1.21 1.50 17 37 63
March 186 0.56 0.66 0.75 0.84 0.92 1.01 1.50 2.20 18 38 60
April 222 0.54 0.73 0.97 1.03 1.05 1.13 1.35 1.96 52 73 84
May 229 0.73 0.86 0.98 1.04 1.07 1.13 1.40 2.01 61 82 92
June 198 0.61 0.80 0.97 1.02 1.05 1.11 1.32 1.78 60 79 91
July 220 0.62 0.84 0.95 1.00 1.01 1.06 1.21 1.42 65 90 96
August 225 0.69 0.82 0.98 1.04 1.06 1.11 1.31 1.99 62 83 92
September 187 0.72 0.89 0.99 1.08 1.11 1.19 1.47 2.03 49 73 88
October 237 0.68 0.86 1.02 1.10 1.17 1.28 1.70 2.44 42 62 76
November 174 0.34 0.52 0.79 1.06 1.14 1.35 2.09 6.67 25 40 50
December 91 0.23 0.54 0.69 0.99 1.07 1.15 2.20 4.18 22 36 46
Year 2367 0.23 0.66 0.89 1.02 1.04 1.13 1.50 6.67 43 63 76
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Validation of UV erythemal daily dose at Arctic

• The bias is typically between 5-15%  
• However, in some cases bias considerably larger, up to 50% 

• Often connected to unrealistic albedo values. 
• e.g. Trondheim: Large positive bias in spring (because of high 

albedo used by OMI), and large scatter due to clouds
14

On-going validation by G. Bernhard et al.

Trondheim

Trondheim, Norway (63.42 N, 10.4 E)
EDDose, SZA less than 84
Month N Minimum 5% 25% Median Average 75% 95% Maximum W10 W20 W30
January 82 0.34 1.06 1.29 1.65 1.80 2.24 2.94 3.37 9 16 23
February 213 0.61 1.05 1.27 1.49 1.63 1.82 2.70 4.94 5 15 28
March 239 0.62 1.08 1.31 1.49 1.63 1.85 2.57 3.36 5 10 23
April 225 0.91 1.21 1.36 1.58 1.72 1.92 2.67 4.14 2 4 15
May 211 0.89 1.13 1.27 1.43 1.50 1.63 2.09 4.73 3 14 30
June 215 0.84 0.94 1.13 1.21 1.23 1.32 1.55 1.76 17 47 69
July 239 0.79 0.95 1.07 1.14 1.18 1.22 1.55 2.99 29 70 83
August 225 0.80 0.93 1.06 1.14 1.17 1.22 1.48 2.94 32 70 84
September 199 0.83 0.93 1.07 1.14 1.17 1.26 1.49 2.62 27 67 80
October 239 0.61 0.96 1.15 1.24 1.29 1.37 1.76 2.91 13 36 62
November 152 0.76 0.99 1.21 1.49 1.56 1.78 2.51 3.11 10 22 34
December 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0
Year 2239 0.34 0.98 1.14 1.30 1.42 1.56 2.35 4.94 14 35 50
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Year
N=2239
Avg=1.42
Med=1.30

February
N=213
Avg=1.63
Med=1.49

March
N=239
Avg=1.63
Med=1.49

April
N=225
Avg=1.72
Med=1.58

May
N=211
Avg=1.50
Med=1.43

June
N=215
Avg=1.23
Med=1.21

0.0 0.5 1.0 1.5 2.0 2.5
OMI / Ground
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July
N=239
Avg=1.18
Med=1.14

0.0 0.5 1.0 1.5 2.0 2.5
OMI / Ground

August
N=225
Avg=1.17
Med=1.14

0.0 0.5 1.0 1.5 2.0 2.5
OMI / Ground

September
N=199
Avg=1.17
Med=1.14

0.0 0.5 1.0 1.5 2.0 2.5
OMI / Ground

October
N=239
Avg=1.29
Med=1.24
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OMI / Ground

November
N=152
Avg=1.56
Med=1.49

Trondheim, Norway (63.42 N, 10.4 E)
EDDose, SZA less than 84
Month N Minimum 5% 25% Median Average 75% 95% Maximum W10 W20 W30
January 82 0.34 1.06 1.29 1.65 1.80 2.24 2.94 3.37 9 16 23
February 213 0.61 1.05 1.27 1.49 1.63 1.82 2.70 4.94 5 15 28
March 239 0.62 1.08 1.31 1.49 1.63 1.85 2.57 3.36 5 10 23
April 225 0.91 1.21 1.36 1.58 1.72 1.92 2.67 4.14 2 4 15
May 211 0.89 1.13 1.27 1.43 1.50 1.63 2.09 4.73 3 14 30
June 215 0.84 0.94 1.13 1.21 1.23 1.32 1.55 1.76 17 47 69
July 239 0.79 0.95 1.07 1.14 1.18 1.22 1.55 2.99 29 70 83
August 225 0.80 0.93 1.06 1.14 1.17 1.22 1.48 2.94 32 70 84
September 199 0.83 0.93 1.07 1.14 1.17 1.26 1.49 2.62 27 67 80
October 239 0.61 0.96 1.15 1.24 1.29 1.37 1.76 2.91 13 36 62
November 152 0.76 0.99 1.21 1.49 1.56 1.78 2.51 3.11 10 22 34
December 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0
Year 2239 0.34 0.98 1.14 1.30 1.42 1.56 2.35 4.94 14 35 50
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y = 0.1278+1.1554x
R2 = 0.93
y = 1.2243x
R2 = 0.93
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SO2 from Bárðarbunga, September 2014
OMI and OMPS 
Very Fast 
Delivery 
products at  
sampo.fmi.fi

Figure thanks to R. Kivi, I. Ialongo, FMI

Agreement  between  OMI, OMPS and Sodankylä Brewer
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17.9.2014 16

Reduced visibility in Lapland 
• View from Sammaltunturi towards Pallastunturi 
• Reduced visibility on Sep 11, 2014, Relative humidity < 70%

Foto: Lihavainen, FMI                            Foto: J.Hatakka, FMI

Sep. 11, 2014



16.9.2014 17

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

OMI SO2                                                   SILAM assimilation SO2

Figure J. Vira, FMI
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OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI
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OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



16.9.2014 20

OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



16.9.2014 21

OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



16.9.2014 22

OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



16.9.2014 23

OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



16.9.2014 24

OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  



17.9.2014 25

OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



17.9.2014 26

OMI SO2                                                   SILAM assimilation SO2

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



17.9.2014 27

• SILAM assimilation using OMI SO2  indicated SO2 
concentrations of 80-100 ug/m3 in Lapland 

• Sulfate aerosols amounts in agreement with surface 
observations but highest values about at 3 km. 

• Lidar observations indicate aerosols at boundary layer 
only. 
!
!

SILAM 4D-var assimilation  
Bárðarbunga, September 2014  

Figure J. Vira, FMI



!
• OMI and recently also OMPS Very Fast Delivery products of 

volcanic ash are very useful for supporting the air traffic 
safety and monitoring air quality. 

• The NO2 observations at high latitudes, though close to the 
detection limit, have shown interesting potential for air quality 
monitoring. 

• Improved treatment of clouds and albedo may improve the 
UV-products further in particular at high latitudes 

!
• The expected environmental changes in the Arctic 

emphasize the importance of air quality and climate 
observations at high latitudes also in the future 

• OMI has had a very important role in demonstrating what 
satellites can do.
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Summary
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